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(57) ABSTRACT
Systems, methods, and apparatus are disclosed involving
scour protection of undersea monument foundations, such as
monopile foundations. A preferred embodiment comprises
an Advanced Ecological Scour Protection System (AESPS)
that enhances offshore scour protection through an innova-
tive combination of eco-friendly engineering units and natu-
ral materials. In a preferred embodiment, an AESPS includes
two main features comprising a single-layer rock blanket
deployed first at an intended site of the foundation, followed
by installation of fronded eco-concrete mattress units to
form a peripheral ring border around the rock blanket. The
foundation then may be installed directly into and through
the rock blanket, with a monument installed on the founda-
tion, and an export cable extending from the monument,
over the mattress units, and through the fronds. Such an
AESPS may eliminate critical risks of secondary scour
damage, cable lateral movement, and marine life deteriora-
tion.
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SCOUR PROTECTION SYSTEMS,
METHODS, AND APPARATUS

CLAIM OF PRIORITY

10 tal impacts on surrounding marine life. The prior art tech-

This application is a Non-provisional Application claims
priority from U.S. provisional Application No. 63/427,861
filed Nov. 24, 2022 the contents of which is hereby fully
incorporated by reference.

BACKGROUND OF THE INVENTION

Field of the Invention

The invention relates to systems, methods, and apparatus

Description of Related Art

25 logical sustainability.

involving scour protection of undersea monument founda-
tions, such as monopile foundations.

The related art includes, for instance, methods, products,
and systems, relating generally to offshore scour protections
that use artificial fronds, eco-friendly concrete materials, and
engineering topology, which may promote marine habitat
and protection from scour for underwater foundations.

Most of the near shore seabed is made up of sediment of
varying sizes, allowing continuous movement of particles
caused by waves and currents. This movement changes
around the foundations of fixed bottom offshore wind struc-
tures, washing the sand and smaller particles away from one 30 other angles. The prior art lacks the ease and flexibility of the
side until a hollow scour pit is formed. For a structure like
a monopile foundation used for an offshore wind-powered
generator monument, which has a large, concentrated load
(wind turbine) at the top, fatigue life is often sensitive to
changes in natural frequency that may result from removal 35 that are easy to apply, flexible in number and location, and
of seabed support at the mudline. Therefore, scour is a major
environmental hazard for offshore foundations, and under-
sea scour needs to be properly dealt with to minimize scour's
negative effect on the foundation performance.

Traditional two-layer scour countermeasures exist, such 40 art systems and methods.
as riprap rocks, that serve as physical barriers withstanding
the shear stresses imparted by flowing water. Their primary
functional requirements are simply to maintain the bed level
of an undersea ground surface on which a foundation is
installed. Secondary requirements are imposed by the design 45 involving scour protection of undersea foundations, and an
of the cable and cable protection system, which may require
the cable to remain restrained at specific points in order to
ensure acceptable fatigue performance. Typically, a filter
layer sits at the bottom, is made of small particles, and will
be put in place before the deployment of the structural 50 multi-purpose eco-friendly solution that adopts both flow-
foundation. An armor layer may consist of larger sized strata
that then may be installed on the top of the filter layer, and
on top of the power export cable.

Despite their incremental improvements in the seabed
stability, traditional approaches experience major risks in 55 eco-productivity. The first feature may include a single
highly mobile environments, such as the following risks: (a)
movement, reduction, erosion, or failure of armor units due
to environmental action, with typical failure criteria being
exposure of the filter layer or at least 50% reduction in
overall thickness; (b) sinking of the armor layer due to 60 edge of the rock blanket at a border of the rock blanket and
washout of particles from underlying filter layers and sea-
bed; and (c) exposure of the cable that places the cable at risk
of anchor strikes or fatigue from environmental action.

In addition, traditional scour protection methods may lead

bed conditions and using materials not beneficial to marine
life and as such are the subject to environmental review and

to detrimental environmental impacts by changing the sea- 65 includes a single-layer system that would be deployed to

2
expectations that these negative influences can be mitigated.
For instance, some prior art methods use pure gravity-based
countermeasures to resist scour formation, with no consid-
eration of flow diversion, while others doesn't consider

5 ecological impacts or seek to promote ecological benefits of
the system. Other prior art methods may use a solid-water-
break-wall-type structure to divert waterflows as a means to
affect and hopefully control the scour development, but a
solid-wall-based diversion of waterflow may have detrimen-

niques tend to avoid a systematic consideration of a scour
system's reliability and efficiency as such relate to ecologi-
cal considerations, concerns, and impacts thereof.

There is a continuing need for improvements to the
state-of-the-art scour protections adapted for offshore wind
foundations that can be easily, cheaply, and reliably installed
and maintained under harsh undersea environments. Similar
to other environmental protection movements, the undersea
monument industry has acknowledged that the next genera-

20 tions of the scour protection design should lead to benefits
for each stakeholder in the marine space, such as with
implementing a dual-benefit concept that considers not only
engineering performance, but also a scour protection sys-
tem's positive influence on biological productivity and eco-

In contrast to the prior art, the present invention is unique
in its design, in its functionality, and in its intended use of
the present invention. The present invention is unlike prior
art concepts that have approached scour protection from

present invention to accommodate one or multiple scour
protection techniques while not impeding the natural habitat
of the protected landscape. In contrast, the present solution
seeks to enable one or multiple scour protection techniques

do not impede the natural habitat of the protected landscape.
As described below, embodiments of the present inven-

tion include the use of novel features of scour protection,
using systems and methods different from those of the prior

BRIEF SUMMARY OF THE INVENTION

The invention relates to systems, methods, and apparatus

exemplary embodiment of the invention may be referred to
as an Advanced Ecological Scour Protection System
(AESPS). In contrast to the prior art, an AESPS avoids a
single-purpose gravity-based method, and instead employs a

diversion and gravity-based methodologies.
A preferred embodiment of an Advanced Ecological

Scour Protection System (AESPS) may comprise two main
features to enhance the foundation stability and the nearby

application layer rock blanket, applied on an undersea
ground surface, over and around an intended foundation site.
The second feature may include a fronded concrete mattress
border, formed as a peripheral ring on, over, and around an

the undersea ground surface.
In a center area of the foundation location, instead of the

two-layer or three-layer traditional system of a filter layer, a
riprap rock layer, and an armor layer, the present invention

cover the target site, with the single layer made of either
natural materials or engineering-tailored components based



3

US 12,516,491 B2

on availability or cost of materials at the site or the geo-
logical conditions. The single layer may comprise a so-
called "dynamic single layer rock blanket" system that could
provide various advantages, such as: (a) better position
control and easier installation process, in which and because 5
the blanket may be installed prior to installation of the
foundation; (b) better cost efficiency and supply chain
resilience as the individual components of the system and
their installation are understood by industry; (c) less offshore
survey and inspection efforts during construction without 10
multi-layer tolerance control; and (d) faster and more afford-
able single vessel mobilization with less material to be
delivered.

Besides these benefits of a single layer solution, there still
exist potential downsides to having only the single layer 15
solution. According to the recent attempts taking place in
North Sea, with no top armor layer present on top a single
layer installation, significate secondary scour development
could occur near the edge of the cable sheath and further
expand to the center. Attempts also have shown that if the
export cable is installed after the scour protection system
and is placed freely on top of the rock blankets, the cable
therefore lacks lateral support to hold the position. In an
extreme case, such as an occurrence of a 10-year storm, the

current, and tidal actions, causing issues for protective
berms, cable crossing structure, and the cable itself.

cable may deviate from the original position due to wave, 25 foundation installed at the intended site, and wherein a

Exemplary embodiments of an AESPS utilizes a fronded
eco-friendly concrete mattress installation as a second sub-
system as a differentiator to address observed deficiencies 30 method is disclosed that is adapted for use in protecting an
and provide additional benefits. Along the circumference of
the central dynamic rock blanket area, a ring shape arrange-
ment of the "fronded eco-concrete mattress" overlaps and
sits on the in-place single layer blanket to reinforce the
system's edge stability and to laterally support the export 35 the undersea ground surface at the intended site of the
cables lying across the fronded concrete mattress units.
These fronds, or fronded elements, replicate the natural
behavior of seaweed, have unique benefits for diverting
current flow, and provide sheltered spaces in which to shelter
the cable, while promoting sediment build up to further 40 concrete mattress border below and to support any export
secure the area in the long run as a reversing process of the
natural scour mechanisms. A preferred fronded eco-mattress
has a surface-tailored gravity base, which is made of eco-
friendly concrete or other equivalent materials and serves as
a bio-friendly artificial substrate that attracts and supports 45
marine life by minimizing the chemical pollution and maxi-
mizing the habitat space. Preferably highly buoyant, exem-
plary fronds may comprise polypropylene or similar mate-
rials that exhibit high buoyancy and durability, and the
fronds preferably are permanently connected to a concrete 50 from the claims.
base mattress, which once installed, forms a densely pro-
tected low flow zone around the foundation.

The design philosophy of the AESPS considers the reli-
ability, the durability, and the cost efficiency of the system.
The central foundation area is protected by a dynamic 55 exemplary embodiments of this invention, the detailed
single-layer rock blanket, which may include several feet of
basic rocks that are widely used and well understood by the
industry from the conventional practices. The existing
robust supply chain and the installation fleet can further
smooth the Engineering-Procurement-Construction-Installa- 60 junction with the following drawings, in which the same
tion (EPCI) process and accelerate the project schedule. The
fronded eco-concrete mattress is utilized only to create a
durable border along an outer edge to prevent the primary
scour initial damage while also, providing lateral support for
the export cable. These advanced features reduce a system's 65 invention may admit to other equally effective embodiments
risk of this potential failure mechanism and enable the
decrease of the overall size of the scour protection with the

4
current flow diverted by their frond lines. In addition, the
eco-friendly concrete materials, the engineering tailored
surface topologies, as well as the artificial fronds, are all
designed to attract and support marine habitat and therefore

marine life, benefitting local stakeholders with the spot-
lighted dual concept of AESPS.

In accordance with a first aspect of the invention, an
apparatus is disclosed that is adapted for use in protecting an
undersea monument foundation against undersea scour, in
which the apparatus comprises: a single-application layer
rock blanket and a fronded concrete mattress border cover-
ing and surrounding a periphery of the rock blanket.

In accordance with a second aspect of the invention, a
system is disclosed that is adapted for use in protecting an
undersea monument foundation against undersea scour, in
which the system comprises: an application of a single-
application layer rock blanket applied to an undersea ground
surface at an intended site of an undersea monument foun-
dation, and an installation of a fronded concrete mattress
border covering and surrounding a periphery of the rock
blanket, wherein the installation of the fronded concrete
mattress border is adapted to be installed below and support
any export cable exiting a monument positioned on a

plurality of fronds of the fronded concrete mattress is
adapted to engage and shelter the export cable supported on
the installation.

In accordance with a third aspect of the invention, a

undersea monument foundation against undersea scour, in
which the method comprises: preparing an undersea ground
surface at an intended site of an undersea monument foun-
dation; applying a single-application layer rock blanket to

undersea monument foundation; and installing a fronded
concrete mattress border covering and surrounding a periph-
ery of the rock blanket, wherein installing the fronded
concrete mattress border is adapted to position the fronded

cable exiting a monument positioned on a foundation
installed at the intended site, and wherein a plurality of
fronds of the fronded concrete mattress is adapted to engage
and shelter the export cable supported on the installation.

Further aspects of the invention are set forth herein. The
details of exemplary embodiments of the invention are set
forth in the accompanying drawings and the description
below. Other features, objects, and advantages of the inven-
tion will be apparent from the description and drawings, and

BRIEF DESCRIPTION OF THE DRAWINGS

By reference to the appended drawings, which illustrate

description provided below explains in detail various fea-
tures, advantages, and aspects of this invention. As such,
features of this invention can be more clearly understood
from the following detailed description considered in con-

reference numerals denote the same, similar, or comparable
elements throughout. The exemplary embodiments illus-
trated in the drawings are not necessarily to scale or to shape
and are not to be considered limiting of its scope, for the

having differing combinations of features, as set forth in the
accompanying claims.
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FIG. 1 shows a side elevation cross-sectional view of a
simplified depiction of an exemplary embodiment of a
system, according to aspects of the invention, such as an
offshore monopile foundation protected by an AESPS.

FIG. 2 shows a plan view of the simplified depiction of the
exemplary embodiment of the system in FIG. 1, according
to aspects of the invention.

FIG. 3 shows a side elevation cross-sectional view of the
simplified depiction of the exemplary embodiment of the
system in FIG. 1, with an exemplary in-place fronded
eco-concrete mattress and an export cable buried by a
subsequently-formed sediment protection layer, according
to aspects of the invention.

FIG. 4 shows a side elevation cross-sectional view of the
simplified depiction of the exemplary embodiment of the
system in FIG. 1, with a fronded eco-concrete mattress
before releasing fronds, according to aspects of the inven-
tion.

FIG. 5 shows a side elevation cross-sectional view of the
simplified depiction of the exemplary embodiment of the 20 ity-based cover may be selected that enhances the dynamic
system in FIG. 4, with the fronded eco-concrete mattress
after releasing fronds, according to aspects of the invention.

FIG. 6 shows a block diagram of an exemplary embodi-
ment of a method for use in protecting an undersea monu-
ment foundation against undersea scour, for use within a 25 Therefore, alternative options such as riprap rock, rock bag,
system and/or apparatus in accordance with exemplary
embodiments of the present invention, according to aspects
of the invention.

DETAILED DESCRIPTION OF THE
INVENTION

30 within the region; and (c) constructability and installation

The invention relates to systems, methods, and apparatus
involving scour protection of undersea foundations, and an
exemplary embodiment of the invention may be referred to 35 potentially could require advanced offshore installation
as an Advanced Ecological Scour Protection System
(AESPS).

The preferred embodiments of the present invention will
now be described with reference to the drawings. Identical
elements in the various figures are identified with the same 40
reference numerals. Reference will now be made in detail to
each embodiment of the present invention. Such embodi-
ments are provided by way of explanation of the present
invention, which is not intended to be limited thereto. In
fact, those of ordinary skill in the art may appreciate upon 45 several rocks deep, and may comprise rocks of various
reading the present specification and viewing the present
drawings that various modifications and variations can be
made thereto.

It is to be understood that the following disclosure
describes several exemplary embodiments for implementing 50 wherein the rocks of the second rock type may fill in gaps
different features, structures, or functions of the invention.
Exemplary embodiments of components, arrangements, and
configurations are described below to simplify the disclo-
sure; however, these exemplary embodiments are provided
merely as examples and are not intended to limit the scope 55 based materials lowers the requirement for transportation,
of the invention. Also, the exemplary embodiments pre-
sented below maybe combined in any combination of ways,
i.e., any element from one exemplary embodiment may be
used in any other exemplary embodiment, without departing
from the scope of the disclosure. 60 various risks, such as have been observed in the North Sea,

Exemplary Embodiments of a System

A preferred exemplary embodiment of an Advanced Eco-

two main features to enhance the foundation stability and the
nearby eco-productivity. The first feature may include a

logical Scour Protection System (AESPS) may comprise 65 cable cover, or specific placement of the cable, thereby

6

single application layer rock blanket, applied on an undersea
ground surface, over and around an intended foundation site.
The second feature may include a fronded concrete mattress
border, formed as a peripheral ring on, over, and around an
edge of the rock blanket at a border of the rock blanket and
the undersea ground surface.

The single-layer rock blanket is an example of a gravity-
based protection of a central area, and in the preferred
embodiments, the central area uses rocks in a single layer
applied in a single application to form the gravity-based rock
blanket. However, in other embodiments, the central area
gravity-based protection need not necessarily to be a rock
blanket or have a blanket shape; rather, it can be loose rock
materials, blankets, rigid covers, or any other preferred
structural types decided by a project team. In such other
embodiments, the choice of gravity-based protection of the
central area preferably still allows the central area protection
to be applied before the foundation is installed through the
central area protection. In such other embodiments, a grav-

stability of the seabed, wherein any gravity-based cover that
improves the (a) relative density of sediment; (b) bed
roughness; (c) sediment diameter; and/or (d) sediment fric-
tion angle, will enhance the dynamic stability of the seabed.

engineering cover, or artificial recycled materials can all
serve the purpose. The decision regarding the choice of
gravity-based protection preferably will be based on con-
siderations of (a) material cost; (b) material accessibility

complexity. Regarding complexity, it is worth noting that
loose materials typically are less complex and can be
deployed easily by barges, whereas engineering-tailored
materials or structures typically are more complex and

equipment, such as a heavy-duty crane, ROV, subsea ultra-
sonic sensor, etc., that may limit, restrict, or prevent appli-
cation of a more-complex solution within large water-depth
zone.

As used herein, a "single-application layer" and a "single
layer" are related terms that refer to a layer of material (e.g.,
rocks) applied to form a single layer, preferably applied
uninterrupted in a single application process, in which the
single layer may comprise a layer of rocks that may be

materials, shapes, and sizes applied to form the single layer.
In some embodiments, a single layer could include applying
a first layer of rocks of a first rock type, followed by
applying a second layer of a second rock type, such as

existing between rocks of the first rock type in the first layer.
Embodiments of the present invention offer various

advantages over prior art systems. Application of a single-
application layer rock blanket or other equivalent gravity-

installation, and construction monitoring. There is no spe-
cific requirement for the exact units/materials to be used for
central area. The fronded mattress is introduced along the
edge of the single layer zone, which significantly reduces

such as edge scouring, broken or missing cables, and mate-
rial loss. The fronded mattress provides a suitable cable
lateral support system, while not requiring any additional
underwater support, remotely-operated vehicle (ROV),

avoiding any long-term premature failure, and minimizing
installation time and expense. Depending on the selection of
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central materials, the connection between the central zone
units, of the single layer, and the circumference units, of the
fronded eco-mattress, could vary between overlapping and
soft linking or pre-assembling. The usage of an eco-friendly
concrete materials and shapes for the fronded mattress
encourages the development of underwater communities.

Drawings of Exemplary Embodiments of the
Invention

Referring to the Figures, the Figures depict an exemplary
undersea ground surface setting according to the present
invention, in which a depicted scour protection system may
employ an exemplary method to protect a monopile foun-

employ the depicted method to prepare an undersea ground
surface at and around an intended site of a monopile
foundation, such as clearing and/or cleaning the surface to
receive a foundation; to use a single-application layer rock

dation against undersea scour. The depicted system may

blanket to cover and reinforce the surface; and to install a
fronded concrete mattress border on, at, and around a
periphery of the rock blanket, before installing the monopile
foundation and an export cable, such as from a wind-
powered generator erected on the monopile foundation.

The preferred embodiments of the present invention will 25 may attach to and accumulate on the fronded mattress units
now be described with reference to the drawings. Identical
elements in the various figures are identified with the same
reference numerals. Reference will now be made in detail to
each embodiment of the present invention. Such embodi-
ments are provided by way of explanation of the present 30 tion 10013 either links to or overlaps the boundary of single
invention, which is not intended to be limited thereto. In
fact, those of ordinary skill in the art may appreciate upon
reading the present specification and viewing the present
drawings that various modifications and variations can be
made thereto.

Referring to FIG. 1, FIG. 1 shows a side elevation
cross-sectional view of a simplified depiction of an exem-
plary embodiment of a system 10000, according to aspects
of the invention, such as an offshore monopile foundation
protected by an AESPS, with the general arrangement of 40 cable 10017.
AESPS around a monopile foundation. A user 10001 may
design, install, operate, and/or maintain the system 10000.
As depicted in FIG. 1 and FIG. 2, the system includes a
monopile 10011 at a center, surrounded by an application of

installation of fronded concrete mattress units 10013. Exit-
ing and extending from the monopile 10011 is an export
cable 10017 that rests on an upper surface of the fronded
concrete mattress installation 10013. The lateral extension

a single layer rock blanket 10012, and encircled by an 45 Even, if this dual use is not possible in a given installation

of the AESPS scour protection is a function of a diameter of 50 therefore be removed from the monopile installation proj-
the monopile 10011, the designed scour depth, and the
friction angle of the seabed soil. The ratio between the width
of single layer rock blanket 10012 and the width of fronded
eco-mattress installation 10013 may allow some level of
flexibility according to specific site conditions and project 55 may use additives to improve the pH of the concrete and
requirements, given that the former is a compromise of
budget control. The external cable 10017, as depicted, lays
across the fronded zone of the fronded mattress installation
10013, getting supported laterally and vertically with the
growing sediment 10018 in the area.

Referring to FIG. 2, FIG. 2 shows a plan view of the
simplified depiction of the exemplary embodiment of the
system in FIG. 1, according to aspects of the invention. With
the use of the fronded mattresses installation 10013, which
extends from the fronded mattress inner boundary 10013' 65 in FIG. 4 are concrete segment joints 10003 that intercon-
and overlaps the outer rock blanket boundary 10012', the
system 10000 provides improved diversion of the current

8
flow, such that the scour system 10000 may cover a smaller
area than that of conventional scour systems currently used
today. This decreased footprint will decrease the overall
impact of the foundation systems for the offshore wind
development. The smaller size will offset the anticipated
higher cost of each fronded mattress 10007, having the
overall scour system 10000 be cost-competitive with a
typical scour system used today.

Referring to FIG. 3, FIG. 3 shows a side elevation
10 cross-sectional view of the simplified depiction of the exem-

plary embodiment of the system 10000 in FIG. 1, with an
exemplary in-place fronded eco-concrete mattress 10007
and an export cable 10017 buried by a subsequently-formed
sediment protection layer 10018, according to aspects of the

include multiple fronded eco-concrete mattress units 10007
interconnected by connections 10010 to reduce movement
and shifting of the units 10007 with respect to each other and
to the monopile 10011. Fronds 10008 are depicted as float-

invention. The fronded mattress installation 10013 may

ing upward from the fronded mattress units 10007, with the
accumulated sediment layer 10018 having accumulated
among and between the fronds 10008, and over the cable
10017 lying among and between the fronds 10008. Over
time, after installation of the system 10000, sea life 10006

10007, further promoting the natural environment and
enhancing the biodiversity of the installation site.

FIG. 3 closely exhibits the in-place status of the edges of
an AESPS 10000, where the fronded eco-mattress installa-

layer rock blankets 10012. The fronded design would be
such that the export cable 10017 could be installed after the
mattress installation 10013 was in place, and the cable
10017 would be able to rest between or within the fronds

35 10008. The fronded design would have fronds 10008 of
sufficient lateral stiffness to hold the cable 10017 in place.
The fronds 10008 would both divert localized current flow,
decreasing the load on the cable 10017, as well as provide
lateral support to prevent or limit lateral movement of the

Another key benefit of the fronded eco-mattresses 10007
is that they are to be designed and manufactured in such a
way that a vessel capable of deploying the rock blanket
10012 could also deploy the fronded mattress units 10007.

and a second vessel is needed, the full scour projection
system 10000 could be deployed in advance of the founda-
tion installation with no follow up deployments required.
Once installed, the scour projection system 10000 would

ect's critical path timeline.
The eco-mattresses 10007 may comprise concrete that has

been developed to be beneficial to marine life. In particular,
a chemical composition of the cement and resulting concrete

provide suitable substrates for sea life 10006, in particular
such as for marine mollusks to adhere to. In addition, the
individual concrete elements 10007 may be designed with
surface features to maximize marine life use and habitat.

60 Referring to FIG. 4, FIG. 4 shows a side elevation
cross-sectional view of the simplified depiction of the exem-
plary embodiment of the system 10000 in FIG. 1, with a
fronded eco-concrete mattress 10007 before releasing fronds
10008, according to aspects of the invention. Also depicted

nect concrete segments of the mattress 10007 and preferably
permit flexibility of the fronded mattress 10007. The mat-
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tress unit 10007 also is depicted as including an intercon-
nection device 10004, such as a metal loop or hook, to
interconnect and adjoin one mattress unit 10007 with an
adjacent adjoining fronded mattress unit 10007, to be
adjoined to another fronded mattress unit 10007 by a con- 5 forth in order to provide a more thorough understanding of
nection joint 10010. Prior to and during installation of the
mattress unit 10007, the fronds 10008 preferably are cov-
ered by a fronds cover 10009, which preferably is a fast-
release cover that may be removed easily and quickly once
the system 10000 is installed and the monopile foundation
10011 is installed and ready.

Referring to FIG. 5, FIG. 5 shows a side elevation
cross-sectional view of the simplified depiction of the exem-
plary embodiment of the system in FIG. 4, with the fronded
eco-concrete mattress 10007 after releasing fronds 10008,

15

and after removing any fronds cover 10009, according to
aspects of the invention. Also depicted in FIG. 5 is an
adjacent adjoining fronded mattress unit 10007, adjoined to
another fronded mattress unit 10007 by a connection joint
10010, preferably fabricated and made of eco-friendly mate-
rials.

FIG. 4 and FIG. 5 present, respectively, the in-transit and
in-place status of the fronded eco-concrete mattress 10007.
During the transportation, the self-buoyant frond lines 25 departing from the scope and spirit of the described embodi-
10008 may be folded airtightly and may be covered by one
or more top sheets 10009 to prevent potential damage. Once
a frond mattress 10007 is lowered and placed on the seabed,
a diver or ROV can remove the cover sheet 10009, such as
by unlocking any locks along the sides, and can retrieve the 30 skill in the art to understand the embodiments disclosed
cover sheet 10009 to the vessel. The fronded lines 10008,
made of buoyant polyester, will then float and create a
condense flow-barrier around the monopile foundation
10011, attracting and supporting marine habitats and marine
life 10006 within the area. 35 elements. Similarly, the adjective "another," when used to

Referring to FIG. 6, FIG. 6 shows a block diagram of an
exemplary embodiment of a method 60000 for use in
protecting an undersea monument foundation 10011 against
undersea scour, for use within a system 10000 and/or
apparatus in accordance with exemplary embodiments of the 40
present invention, according to aspects of the invention. The
method 60000 may begin with an optional step 61000 to
prepare an undersea ground surface at and around an
intended site of a monopile foundation 10011, such as
clearing and/or cleaning the surface to receive a foundation 45 spirit and the scope of the invention.
10011. The method 60000 may proceed to step 62000 to
apply a single-layer rock blanket 10012, such as a single-
application layer rock blanket 10012, to cover and reinforce
the surface. The method 60000 may proceed to step 63000
to install a fronded concrete mattress border 10013 on, at, 50 apparatus comprising:
and around a periphery of the rock blanket 10012, before
installing the monopile foundation 10011 and an export
cable 10017, such as from a wind-powered generator erected
on the monopile foundation 10011. The method 60000
optionally may proceed to optional step 64000 to install the 55
monopile foundation 10011 and corresponding monopile,
followed by optional step 65000 to install any export cables
10017.

The foregoing description discloses exemplary embodi-
ments of the invention. While the invention herein disclosed 60
has been described by means of specific embodiments and
applications thereof, numerous modifications and variations
could be made thereto by those skilled in the art without
departing from the scope of the invention set forth in the
claims. Modifications of the above disclosed apparatus and 65
methods that fall within the scope of the claimed invention
will be readily apparent to those of ordinary skill in the art.

10
Accordingly, other embodiments may fall within the spirit
and scope of the claimed invention, as defined by the claims
that follow hereafter.

In the description above, numerous specific details are set

embodiments of the invention. It will be apparent, however,
to an artisan of ordinary skill that the invention may be
practiced without incorporating all aspects of the specific
details described herein. Not all possible embodiments of
the invention are set forth verbatim herein. A multitude of
combinations of aspects of the invention may be formed to
create varying embodiments that fall within the scope of the
claims hereafter. In addition, specific details well known to
those of ordinary skill in the art have not been described in
detail so as not to obscure the invention. Readers should note
that although examples of the invention are set forth herein,
the claims, and the full scope of any equivalents, are what
define the metes and bounds of the invention protection. The
descriptions of the various embodiments of the present
invention have been presented for purposes of illustration,
but are not intended to be exhaustive or limited to the
embodiments disclosed. Many modifications and variations
will be apparent to those of ordinary skill in the art without

ments. The terminology used herein was chosen to best
explain the principles of the embodiments, the practical
application or technical improvement over technologies
found in the marketplace, or to enable others or ordinary

herein.
When introducing elements of the present disclosure or

the embodiments thereof, the articles "a," "an," and "the"
are intended to mean that there are one or more of the

introduce an element, is intended to mean one or more
elements. The terms "including" and "having" are intended
to be inclusive such that there may be additional elements
other than the listed elements.

What is claimed:

Although this invention has been described with a certain
degree of particularity, it is to be understood that the present
disclosure has been made only by way of illustration and that
numerous changes in the details of construction and arrange-
ment of parts may be resorted to without departing from the

1. An apparatus assembly adapted for use in protecting an
undersea monument foundation against undersea scour, the

a single-layer gravity-based protection of a central area
centered around a center of the undersea monument
foundation, and

a fronded concrete mattress border covering and sur-
rounding a periphery of the single-layer gravity-based
protection.

2. The apparatus assembly of claim 1, the apparatus
assembly further comprising:

an export cable extending from the undersea monument
foundation, extending over the single-layer gravity-
based protection, and extending over the fronded con-
crete mattress border,

wherein the export cable rests among and between fronds
extending from fronded concrete mattress border.

3. The apparatus assembly of claim 1, wherein the single-
layer gravity-based protection comprises:

a rock blanket,
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wherein the rock blanket is adapted to be applied on an
undersea ground surface, over and around the center of
the undersea monument foundation.

4. The apparatus assembly of claim 1, wherein the fronded
concrete mattress border comprises:

a plurality of fronded concrete mattresses,
wherein the plurality of fronded concrete mattresses is

adapted to be positioned around the periphery of the
single-layer gravity-based protection to form a periph-
eral ring on, over, and around an edge of the single-
layer gravity-based protection at a border of the single-
layer gravity-based protection and a ground surface of
the undersea ground.

5. A system adapted for use in protecting an undersea
monument foundation against undersea scour, the system
comprising:

an application of a single-layer gravity-based protection
to a central area adapted to be centered around a center
of the undersea monument foundation, and

an installation of a fronded concrete mattress border
covering and surrounding a periphery of the single-
layer gravity-based protection;

wherein the application of the single-layer gravity-based
protection is adapted to be applied to an undersea
ground surface at an intended site of the undersea
monument foundation, with the central area central to
the intended site;

wherein the installation of the fronded concrete mattress
border is adapted to be installed below and support any 30
export cable exiting a monument positioned on a foun-
dation installed at the intended site, and

wherein a plurality of fronds of the fronded concrete
mattress is adapted to engage and shelter the export
cable supported on the installation.

6. The system of claim 5, the system further comprising:
the export cable extending from the undersea monument

foundation, extending over the single-layer gravity-
based protection, and extending over the fronded con-
crete mattress border,

7. The system of claim 5, wherein the single-layer gravity-

wherein the export cable rests among and between fronds
extending from fronded concrete mattress border.

based protection comprises:
a rock blanket,
wherein the rock blanket is adapted to be applied on an

undersea ground surface, over and around the center of
the undersea monument foundation.

8. The system of claim 5, wherein the fronded concrete
mattress border comprises:

a plurality of fronded concrete mattresses,

12
wherein the plurality of fronded concrete mattresses is

adapted to be positioned around the periphery of the
single-layer gravity-based protection to form a periph-
eral ring on, over, and around an edge of the single-
layer gravity-based protection at a border of the single-
layer gravity-based protection and a ground surface of
the undersea ground.

5

9. A method adapted for use in protecting an undersea
monument foundation against undersea scour, the method
comprising:

10 preparing an undersea ground surface at an intended site
of an undersea monument foundation;

applying a single-layer gravity-based protection to a cen-
tral area of the undersea ground surface at the intended
site of the undersea monument foundation; and

15 installing a fronded concrete mattress border covering and
surrounding a periphery of the single-layer gravity-
based protection;

wherein installing the fronded concrete mattress border is
adapted to position the fronded concrete mattress bor-
der below and to support any export cable exiting a
monument positioned on a foundation installed at the
intended site, and

20

wherein a plurality of fronds of the fronded concrete
mattress is adapted to engage and shelter the export
cable supported on the installation.25

10. The method of claim 9, the method further compris-
ing:

Installing the export cable extending from the undersea
monument foundation, extending over the single-layer
gravity-based protection, and extending over the
fronded concrete mattress border,

wherein the export cable rests among and between fronds
extending from fronded concrete mattress border.

11. The method of claim 9, wherein the single-layer
gravity-based protection comprises:35

a rock blanket,
wherein the rock blanket is adapted to be applied on an

undersea ground surface, over and around the center of
the undersea monument foundation.

40 12. The method of claim 9, wherein the fronded concrete
mattress border comprises:

a plurality of fronded concrete mattresses,
wherein the plurality of fronded concrete mattresses is

adapted to be positioned around the periphery of the
single-layer gravity-based protection to form a periph-
eral ring on, over, and around an edge of the single-
layer gravity-based protection at a border of the single-
layer gravity-based protection and a ground surface of
the undersea ground.

45

* * * *
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